Objectives: To investigate the occurrence of antimicrobial resistance genes of human clinical relevance in Salmonella isolated from livestock in Great Britain.
Introduction
Non-typhoidal Salmonella, belonging to different serovars, represents one of the most important foodborne pathogens causing gastroenteritis in humans. Non-typhoidal Salmonella enterica strains are easily passed from animals to humans and are thus classified as zoonotic pathogens. They can colonize or infect humans as well as a variety of domesticated and wild animals ranging from mammals to birds and reptiles. 1 Gastroenteritis infections caused by non-typhoidal Salmonella are mostly self-limiting and treatment is not required. However, 5% of individuals with gastrointestinal illness caused by non-typhoidal Salmonella will develop bacteraemia, a serious and potentially fatal problem that requires antibiotic treatment. The currently recommended drugs of choice for treatment of salmonellosis are fluoroquinolones and third-generation or extended-spectrum cephalosporins. 2 In addition to the risk presented by Salmonella serovars as potential farm and foodborne hazards, there has been a rapid emergence in recent years of multidrug-resistant Salmonella. This is due to the widespread use of many antimicrobials in human and veterinary medicine, such as sulphonamides, trimethoprim, aminoglycosides, chloramphenicol and tetracyclines, which has led to extensive resistance to them and is of serious and rising concern. Moreover, S. enterica strains belonging to different serovars and showing resistance to four # Crown copyright 2011.
J Antimicrob Chemother 2011; 66: 550 -559 doi:10.1093/jac/dkq498 Advance Access publication 17 January 2011 or more antimicrobials, including fluoroquinolones and third-generation cephalosporins, are now widespread worldwide. 2 -5 Most of these strains are zoonotic in origin, possibly acquiring their resistance in the food-animal host and causing human infections through the food chain. 6 The increasing resistance seen in Salmonella not only complicates and limits treatment options in affected animals and humans, but also increases the active transfer of antimicrobial resistance (AMR) determinants to other microbes. 1,7 -9 Therefore, identification of resistance genes in isolates of Salmonella from food-producing animals is of particular interest to combat the spread of these isolates through the food chain and set up control measures.
In previous studies we have shown that a microtube-based array system, where the arrays are present on the bottom of an Eppendorf tube, is useful for screening for the presence of a large number of AMR genes simultaneously in bacterial isolates. 10, 11 However, as resistance to most antimicrobial families is encoded by a large and growing number of genes and the array has space limitation, the most common resistance genes in Gram-negative bacteria such as Salmonella and Escherichia coli for the following classes of antimicrobial agents were included: tetracyclines; phenicols; aminoglycosides; sulphonamides; quinolones; trimethoprim; and b-lactamases. 10, 11 In contrast to glass slide arrays, this array is amenable for use in clinical diagnostic laboratories and for performing large-scale epidemiological studies, as it has a short assay time due to an amplification step, inexpensive reagents such as biotin and streptavidin, as opposed to fluorescent Cy3 and Cy5 dyes, and requires minimal technical skills. See http://www.identibac.com for further details on the arrays.
The aim of this study was to use an AMR gene microtubebased array (also called a miniaturized microarray) 10 to investigate the occurrence of AMR genes that pose a risk to human health in 225 Salmonella gathered from livestock. The results were compared with phenotypic disc diffusion data. Furthermore, the mobility of the resistance genes, plasmid profiles and the presence of Salmonella genomic island 1 (SGI1) were determined for selected isolates.
Materials and methods

Bacterial strains and phenotypic resistance typing
Salmonella isolates from pigs (n ¼57) and poultry (n¼60) were randomly selected from samples taken during recent (2004-07) EU baseline Salmonella surveys in Great Britain (GB), which are detailed elsewhere. 12 -15 Essentially they were structured, randomized surveys, involving the selection and testing of a statistical sample of the target population (laying hens, broilers and turkeys, i.e. poultry, or fattening pigs). The sampling methods employed were dependent on the survey, and comprised boot swabs and dust samples for the poultry surveys, and carcass swabs and ileocaecal lymph node samples for the survey of fattening pigs at slaughter. In the absence of similar surveys for other livestock, a random selection of diagnostic submissions to the UK Veterinary Laboratories Agency (VLA) in 2006 was used to obtain isolates from cattle (n¼48) and sheep (n¼60). The samples from the EU baseline surveys (poultry and pigs) were all from healthy individuals, randomly selected for testing. The cattle and sheep samples were from diagnostic submissions to VLA regional labs and may be considered as clinical isolates.
The resistance phenotype of all isolates was determined by a disc diffusion method as described by CLSI (formerly NCCLS) guidelines. 16 The antimicrobials and their disc concentrations (mg) were: ampicillin (10); amoxicillin/clavulanic acid (30) ; apramycin (15) ; chloramphenicol (10); neomycin (10); streptomycin (25) ; sulphonamide (300); tetracycline (10); furazolidone (8) ; sulfamethoxazole/trimethoprim (25) ; nalidixic acid (30) ; cefotaxime (30) ; ceftazidime (30); gentamicin (10); ciprofloxacin (1); and amikacin (30) . Details of each isolate, including host origin, VLA sample number, year of isolation and disc diffusion profile are given in Table S1 (available as Supplementary data at JAC Online).
Genotypic resistance typing and data analysis
The microtube-based arrays used in this study are mounted on the bottom of standard 1.5 mL Eppendorf tubes. The arrays contain short oligonucleotide probes of between 25 and 35 bp printed on the arrays to represent different genes or alleles. Each probe is printed in triplicate on the array at different positions to circumvent any spatial effect of hybridization. Each probe has a corresponding primer designed upstream of the probe in the gene of interest. Both probes and primers are designed using all sequences available in GenBank (http://www.ncbi.nlm.nih.gov/ genbank/) and are representative of the sequences. The specificity of each probe and primer is verified by BLAST in GenBank. Certain genes are represented by more than one probe to take into account allelic differences arising in the region of interest. An AMR gene microtubebased array developed previously 10 was updated with the following additional probes and primers for this study: strA; strB; qnrB; qnrS; ant(2 ′′ )Ia; bla CTX-M-26 ; bla CTX-M-8 ; dfrA15; and dfrA5. The updated array contained 68 probes including the positive control gene ihfA, printed in triplicate. The new probes were validated by comparing array data with PCR and sequence data from positive control strains and showed that each gene/allele was detected independently (Table S2 ; available as Supplementary data at JAC Online), as seen for previously validated probes. The new probe and primer sequences used for this array are given in Table S2 .
The method used to detect AMR genes present in Salmonella isolates was as follows. Strains were cultivated in Luria-Bertani (LB) plates overnight. A loopful of bacteria (10 mL loop) was suspended in 400 mL of bacterial lysis buffer (0.1 M Tris-HCl, pH 8.0, 0.05% Tween 20 and 240 mg/L proteinase K) and incubated at 608C for 3 h, followed by 15 min at 958C. The lysate was spun for 5 min and 6.55 mL of the supernatant, containing the crude DNA, was used for a linear multiplex amplification reaction that included a labelling step with biotin-dUTP (Roche Diagnostics Ltd, Lewes, UK) and all 68 primers. The amplified labelled DNA was then added to the array for hybridization. The hybridization signals were amplified by an enzyme-catalysed precipitation reaction by adding horseradish peroxidase conjugated with streptavidin (Pierce Biotechnologies) and the kinetic measurement of the precipitation reaction at each spot was detected by specific changes in red light transmission, which was recorded as a signal intensity value using a photoimager, the Array Tube Reader (ATR01). 17 The array data were analysed as previously described (above). Briefly, it involved normalization of the data using the signal intensity of the ihfA-positive control probe and using the median value for each replicate probe for subsequent analysis. Based on previous data, 10 gene probes showing a normalized signal intensity (nsi) value of .0.4 were considered present, while those with values of ,0.2 were considered absent and those with values from 0.2 to 0.4 were considered ambiguous. The normalized array data from all isolates are given in Table S3 (available as Supplementary data at JAC Online) and were subjected to averagelinkage hierarchical clustering with the Pearson correlation coefficient and Spearman correlation in GeneSpring (version 7.3.1) to obtain condition trees. Both clustering methods produced essentially the same results. The normalized data are presented in Table S3 and part of the clustering obtained using the Spearman correlation, representing the majority of the resistant isolates, is presented in Figure 1 .
Conjugation, plasmid profiling and determining quinolone resistance
Transferability of plasmids was determined by filter mating for 4 h at 378C between a rifampicin-resistant E. coli K12 20R764 recipient strain 18 and resistant Salmonella donor strains from Group 1 (see Table 3 ) and the following Group 2 strains: SO2816-07; SO0741-07; SO3703-07; and SO8268-06. Overnight cultures of donor and recipient were mixed at a ratio of 1:6, and transconjugants were selected after 24 h of incubation at 378C on LB plates containing rifampicin (100 mg/L) and tetracycline (10 mg/L) for Group 1 strains and LB plates containing rifampicin (100 mg/L) and chloramphenicol (10 mg/L) for Group 2 strains. Plasmid profiling of isolates was performed using the method of Kado and Liu. 19 The quinolone resistance-determining region (QRDR) of gyrA was examined by PCR amplification and sequencing as described previously. 20 The presence of SGI1 was determined using PCR primers U7-L12 and LJ-R1 to detect the presence of the left junction and PCR primers 104-RJ and C9-L2 or 104-RJ and 104-RD to detect the presence of the right junction, as previously described. 21 
Results
Resistance profiling
Two hundred and twenty-five Salmonella isolates from the cattle, pig, sheep and poultry populations in GB were phenotyped and genotyped for AMR. The collection contained isolates from 36 different serovars of which isolates from 19 serovars were phenotypically and genotypically resistant to one or more antimicrobials; Salmonella Typhimurium was the most frequent serovar and 76.3% of these isolates showed AMR (Table 1) . Classified by host origin, 77.1% of Salmonella from pigs, 49.1% of isolates from poultry, 41.6% of isolates from cattle and 6.6% of isolates from sheep were resistant to one or more antimicrobials (Table S3) . It is worth noting that cattle and sheep isolates were clinical submissions and therefore it is possible that the resistance levels estimated for these groups may be overestimated, although the level of resistance in sheep isolates is already low. The high AMR shown amongst pig isolates could be attributed to the large number of resistant Salmonella Typhimurium isolates present (26 out of 27 isolates). Only 12 out of 20 Salmonella Typhimurium isolates from cattle, 5 out of 9 Salmonella Typhimurium isolates from poultry and 2 out of 4 Salmonella Typhimurium isolates from sheep were antimicrobial resistant (Table S3) .
Kappa statistics were calculated to assess the agreement between phenotypic and genotypic data within each antimicrobial group (Table 2) . Tetracycline, trimethoprim, sulphonamide, chloramphenicol and b-lactams showed very good correlation (kappa .0.90); aminoglycosides (streptomycin/neomycin) showed a slightly lower, but still good, correlation between genotypic and phenotypic data (kappa¼ 0.85). These results indicate The resistance phenotype was to streptomycin and neomycin, and the resistance genotype was strA-strB and the aadA gene family.
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that the majority of genes that gave rise to the resistance phenotype had been included on the array. However, quinolones showed poor correlation between genotypic and phenotypic data since only qnrA, qnrB and qnrS genes were assayed (kappa ,0.1). The presence of these genes is expected to give a reduced zone diameter in disc diffusion assays with nalidixic acid and ciprofloxacin in comparison with fully susceptible strains. 22 The QRDR of gyrA was sequenced in the 10 strains with reduced susceptibility to nalidixic acid of which 2 were also ciprofloxacin resistant. The QRDR was found to harbour a Ser-83 Phe transition in six strains, a Asp-87 Asn transition in two strains and a Asp-87 Gly transition in one strain. These mutations are known to significantly reduce bacterial susceptibility to all quinolones. 23 No gyrA mutation was detected in one nalidixic acid and ciprofloxacin-resistant Salmonella Newport strain from poultry. Mutation in the QRDRs of other topoisomerases (gyrB, parC and parE) is currently being investigated as are other plasmid-mediated mechanisms such as qnrC, qnrD, aac(6 ′ )-lb-cr and qepA, 24 which are not included in our current array.
Gene clustering
Of the 225 isolates included in this study only 97 isolates, i.e. 43.1%, hybridized to one or more AMR gene probes and were characterized as present (nsi .0.4) and 46 isolates, i.e. 20.4%, hybridized to the intI1 gene for class I integrons. Frequently detected resistance genes included aadA2 (17.7%), tet(A) (15.9%), strA (17.7%), strB (18.1%), bla TEM (13.7%), sul1 (14.7%) and sul2 (17.2%). Within Salmonella Typhimurium, 65% of isolates harboured the intI1 gene. Other genes that were frequently detected in Salmonella Typhimurium isolates included aadA2 (52.5%), strA (32.2%), strB (32.2%), bla TEM (32.2%), sul1 (39.0%), bla PSE-1 (33.9%) and tet(G) (32.2%) (Table S3) .
To investigate gene association we used average-linkage hierarchical clustering, which clustered the resistant isolates into three main groups. Twenty-four isolates carrying resistance genes fell outside the main clusters and included 14 isolates that hybridized to a single antimicrobial gene probe, 1 isolate hybridizing only to the intI1 gene and 9 isolates carrying multiple resistance genes, but showing different resistance profiles from isolates in the three main groups (data not shown). The three main clustered groups are discussed below.
Group 1: strA/B-positive isolates
This group included 25 isolates from cattle, pigs and poultry. All isolates apart from one (Salmonella Thompson 1A) harboured strA-strB genes and at least one tetracycline resistance gene; the class 1 integron gene was not present in isolates in this group. Figure 1(a) shows the genotypes from the arrays and the phenotypes from the disc diffusion assays for these strains. There were eight isolates with a resistance phenotype (R-type) of ampicillin, streptomycin, sulphonamide and tetracycline (abbreviated to ASSuT); seven of these isolates showed an identical genotype whereas the eighth isolate, a Salmonella Indiana, was slightly variant in harbouring aadA2, sul1, tet(A) and tet(C) genes. There were seven isolates with an R-type of sulphonamide, tetracycline and trimethoprim (abbreviated to SuTTm); all isolates showed a similar genotype except a Salmonella Kedougou harbouring the bla PSE-1 gene although it showed no phenotypic resistance, and two Salmonella Derby isolates harboured tet(B) and tet(C) in place of tet(A). Also, both Salmonella Kedougou isolates and one of the Salmonella Derby isolates were not phenotypically resistant to streptomycin. An R-type of ASuTTm was present in three Typhimurium isolates with a similar genotype; although one isolate was also resistant to neomycin, neither of the other two isolates showed resistance to streptomycin or neomycin and one isolate was resistant to nalidixic acid. Other phenotypes included AST(Su), SSuT, ASSuTC (where C stands for chloramphenicol) and SSuTm. The genotype for each of these isolates matched the respective phenotype. A Salmonella Agama strain was fully susceptible although it harboured strA, strB and tet(B) genes.
Conjugation experiments were performed whereby representative isolates of most R-types (n ¼ 10) were used in conjugation studies with a rifampicin-resistant E. coli recipient. Transconjugants were selected and their resistance genotype determined by array ( Table 3 ). The results showed that for 7 of the 10 isolates most resistances were transferrable, but in 
Group 2: sul3 and class 1 integron-positive strains
Twelve Salmonella Typhimurium isolates (U288 and DT193), all of pig origin, showed R-type ACSSuTm and harboured the genes aadA1-aadA2-cmlA-dfrA12-sul3-bla TEM -intI1. Ten of these isolates, were also phenotypically resistant to tetracycline and also harboured strA-strB-sul2-tet(A) genes additionally. In three isolates, multiple genes (dfrA14, dfrA15 and/or dfrA17) encoding trimethoprim resistance were present (Figure 1b) . Despite all being pig isolates, no geographical or other epidemiological link between the isolates was identified. Conjugation experiments were performed in which representative isolates of the different genotypes (n¼ 4) were used in conjugation studies with a rifampicin-resistant E. coli recipient. The transconjugants carried the intI1 gene and the same resistance profile as the donors, as determined by array. Plasmid profile analysis showed a 150 kb plasmid to be present in all Anjum et al.
isolates and the transconjugants tested; several isolates also harboured smaller plasmids of between 3 and 14 kb (data not shown). Future studies will determine the genetic structure of the mobile genetic element present in this group.
Group 3: SGI1 and variants
Eighteen isolates from all four host animals showed the R-type associated with SGI1 (ACSSuT) and harboured bla PSE-1 -floRaadA2-sul1-tet(G) and intI1 genes (Figure 1c ). Of these, 17 were from serovar Typhimurium (DT104, DT104b, U302 and untypeable) isolated from pigs, cattle, sheep and poultry. One Salmonella Kottbus strain from poultry was also detected carrying these genes. Two Salmonella Typhimurium pig isolates in this group (U302 and untypeable) showed an R-type of ACSSuTTm and harboured antimicrobial resistance genes aadA2, floR, bla PSE-1 , sul1, tet(G), dfrA14, sul2, strA, strB and act1 or dfrA15; the intI1 gene was also present in both isolates. The presence of SGI1 was demonstrated in all 20 isolates by PCR amplification of the left and right junctions of SGI1 (data not shown), and based on the genotype and phenotype the latter two isolates were designated as SGI1-A. 25 The 10 remaining isolates that clustered within this group were of poultry, cattle and pig origin and from serovars Typhimurium (U302, DT104 and untypeable), Derby and Kedougou ( Figure 1c) ; five isolates showed an SSuT R-type and harboured aadA2, sul1, tet(A) and intI1 genes, one isolate showed an SuT R-type and harboured sul2, tet(A) and intI1 genes, one isolate showed an ASSuT R-type and harboured aadA2, sul1, tem1, tet(A) and intI1 genes, two isolates showed an SSu R-type and harboured aadA2, sul1 and intI1 genes and one isolate showed an ASu R-type and harboured intI1, pse1 and sul1 genes. The latter three isolates harboured SGI1, as determined by PCR of the left and right junctions (data not shown) and were designated as SGI1-C and SGI1-B, 25 respectively.
Discussion
Salmonella isolates from food animals are showing an increasing accumulation of AMR genes of plasmid and chromosomal origin. 6 If these resistant Salmonella pass through the food chain they are bound to affect downstream treatment of salmonellosis infections in humans. The aim of this study was to determine the resistances present in Salmonella isolates from four major food animals in GB using microarrays and disc diffusion profiles. The resistance profiles of 225 Salmonella isolates, representing 36 different serovars, were genotyped; and the
Characterizing multidrug-resistant Salmonella isolates 555 JAC genotypic data were compared with phenotypic data. Our results showed very good phenotypic to genotypic correlation for all antimicrobial classes except quinolones. Quinolones showed poor correlation due to the inability of our current chip to detect single nucleotide polymorphisms in the QRDR of topoisomerases. 20, 23 However, quinolone resistance due to the presence of the qnrA, B or S gene was detectable by our chip. There were several instances where the genotypic data did not match the phenotype and included one isolate showing the presence of the qnrS gene, one isolate showing the presence of the bla CMY gene, one isolate showing the presence of tet(B) and several isolates showing the presence of strA-strB genes. This may be due to disc diffusion assays not always being accurate or due to the presence of silent nonexpressing genes, as already described for strA-strB genes. 26 Moreover, the addition of several new probes and primers to the revised array considerably improved the phenotypic to genotypic correlation for most antimicrobial families to between 85% and 98% from previous studies where 75% of the results correlated. 10, 11 It is worth noting that for each gene present on the array every effort was made using all sequences available in databases to identify a unique region representative of each gene family for each probe and primer. However, for closely related alleles it may be difficult to identify wholly unique regions, which may result in cross-reactions between genes. We identified such cross-reactions between dfrA7 and dfrA17 previously, but did not identify such cross-reactions in any of the additional gene probes added to the updated array using the panel of 225 Salmonella isolates. Interestingly, we noted that the dfrA14 probe was positive in our control strain for dfrA15. In this strain the presence of the dfrA15 gene was verified by both PCR and sequencing, and the presence of the dfrA14 gene was verified by PCR. For several other isolates that showed the presence of both of these genes by array, PCR was used and verified the data (data not shown).
Seventy-seven isolates showed resistance to multiple antimicrobial classes with the most common resistance genes being detected from the following classes: aminoglycosides/ streptomycin (aadA2, strA, strB); sulphonamides (sul1, sul2); tetracycline [tet(A)]; and ampicillin (bla TEM ). An Enter-net report on antimicrobial resistance rates from human gastrointestinal infections in 10 European countries found resistance to the four aforementioned antimicrobials to be the most common phenotypes in 2004. 27 Therefore widespread resistance found in this study to these antimicrobials is unsurprising and indicates that their usage for human salmonellosis as a backup to other currently used antibiotics (see below) is limited. It should be noted that the bla TEM probe present on the array is a general probe designed to identify any member of the TEM family, which comprises both extended-spectrum b-lactamase (ESBL) and non-ESBL producers. Therefore further characterization of array-positive isolates, either phenotypically or by gene sequencing, is required to identify ESBL TEM genes. For our purposes, phenotypic characterization performed on all our isolates showed that none of the isolates detected positive for the Anjum et al.
bla TEM gene by array had a positive phenotype for either ceftazidime or cefotaxime resistance, the initial screening criteria used for ESBL detection. 28 It is worth noting that in fact all Salmonella isolates included in this study were susceptible to both ceftazidime and cefotaxime. Therefore, there was no or little resistance present in our panel of Salmonella isolates to third-generation cephalosporins or ciprofloxacin, respectively, which are currently used for treatment of salmonellosis.
The resistances detected in our panel have recently gained prominence due to the rise in the UK and elsewhere in Europe in the prevalence of isolates of ASSuT type from serovars Typhimurium and 4, [5] ,12:i:-, a monophasic variant of serovar Typhimurium. 29 Lucarelli et al. 30 have shown ASSuT resistance genes to be chromosomally located. Our panel included six isolates of serovar 4, [5] ,12:i:-, which clustered within Group 1; the five cattle isolates showed the genotype strA, strB, sul2, tet(B), bla TEM , associated with ASSuT strains, 29 whilst the R-type for the pig isolate was AST and it did not harbour the sul2 gene. Conjugation studies showed resistance genes from a cattle Salmonella 4, [5] ,12:i:-isolate were transferable, but not genes from the pig Salmonella 4, [5] ,12:i:-isolate. Resistance genes from a Salmonella Typhimurium DT193 and a Salmonella Indiana isolate with varied genotype, but ASSuT R-type, were also non-transferrable. Further studies will ascertain whether these resistance genes are present on the same mobile element and if they are variants of the chromosomal island already described. 30 The majority of isolates from Group 3 were Salmonella Typhimurium. Seventeen were shown to harbour SGI1 and the respective genes associated with the penta-resistant profile (ACSSuT). 31 Five Salmonella Typhimurium isolates harboured variant SGI1 (SGI1-A, SGI1-B and SGI1-C) 25 determined from genotypic and phenotypic profiles and SGI1. One isolate present within this cluster was from serovar Kottbus, adding to the growing list of non-Typhimurium serovars shown to harbour SGI1. 32 -34 All 12 Group 2 isolates were from serovar Typhimurium and pigs. Although phenotypically identical to the SGI1-and SGI1-A-carrying isolates from Group 3, Group 2 isolates harboured a 150 kb conjugative plasmid. These isolates also harboured the intI1 and sul3 genes indicating the possible presence of a non-sul1-type class 1 integron 35, 36 with gene cassettes harbouring between 6 and 12 antimicrobial resistance genes. The fact that no geographical link between the Salmonella Typhimurium isolates from Group 2 could be established may indicate that isolates carrying the 150 kb plasmid that most likely carries the multidrug-resistant genes are distributed across GB. Preliminary characterization using a PCR-based plasmid replicon typing method 37 for some of the common plasmid replicon types (Inc A/C, H1, I1 and FIA and FIB) failed to identify the plasmid replicon (data not shown), which requires further characterization. For most isolates from Group 2, and SGI1-A-harbouring isolates from Group 3, phenotypic resistance to sulphonamide and streptomycin was encoded by multiple resistance genes, with up to four genes present for streptomycin (aadA1, aadA2, strA and strB). It is not uncommon for resistant Salmonella to contain more than one gene encoding resistance to the same class of antimicrobials; this combinatorial resistance effect offers a selective advantage of enabling the bacteria to survive high antimicrobial concentrations used in human and animal therapy as combination of two or more resistance mechanisms or different genes can lead to resistance levels that are equal to the sum of the resistances conferred by each mechanism or gene individually. 38 It is noteworthy that isolates from serovar Typhimurium represented the largest group in our panel; 75.0% of these were antimicrobial resistant and the majority were from pigs. Salmonella Typhimurium represents the second most prevalent Salmonella serovar to be isolated from both humans and animals, although its numbers have been decreasing since the mid-1990s
(http://www.hpa.org.uk/Topics/InfectiousDiseases/ InfectionsAZ/Salmonella; VLA Salmonella Reference Unit). In humans the level of AMR in serovar Typhimurium has also been decreasing; 27 but in animals the picture is somewhat varied. The number of antimicrobial-resistant Salmonella Typhimurium isolated from animals was at its peak in 1994; since 1994 the level has generally decreased, although there has been a slight rise since 2006. In 1990 only 7% of the total antimicrobial-resistant Salmonella Typhimurium was from pigs, but this rose to 80% in 2007, the year the majority of the pig isolates included in this study are from. In 2009, Salmonella Typhimurium from pigs still contributed to 68% of the total antimicrobial-resistant Salmonella Typhimurium isolates. In contrast, the number of Salmonella Typhimurium resistant isolates from cattle fell from its peak in 1994 of 68% to between 21% and 6% in the period 2004 -07 (VLA Salmonella Reference Unit).
In this study a snapshot picture was provided of the antimicrobial profile of Salmonella isolates gathered from four food animals in GB. The preponderance of highly resistant Salmonella Typhimurium in pigs from 2002 to the present is curious, as during this time resistant Salmonella Typhimurium isolates from cattle have been decreasing. This is probably due to the decline in Salmonella Typhimurium DT104 in cattle along with the emergence of U288, DT193 and other phage types to replace DT104 in pigs. Control measures such as improved biosecurity and better management practices of pigs are needed to reduce food and environmental contamination originating from infected herds and their faecal waste.
